ABSTRACT
Introduction

36
The Geminga pulsar is the second brightest non-variable GeV γ-ray source in the sky 37 and the first representative of a population of radio-quiet γ-ray pulsars. Since its discovery 38 as a γ-ray source by SAS-2, more than thirty years ago (Fichtel et al. 1975 ; Kniffen et al. 1983 ) was proposed as a possible counterpart, and subsequently an optical candidate was 
53
Geminga has a period of 237 ms and a very stable period derivative of 1.1 × 10 −14 s s −1 ,
54
that characterize it as a mature pulsar with characteristic age of 3 × 10 5 yr and spin-down 55 luminosityĖ = 3.26 × 10 34 erg s −1 .
56
The determination of the period derivative allowed detection of γ-ray pulsations in the electrons in Geminga) diffusing in a 10 µG magnetic field.
80
Even though Geminga has been one of the most intensively studied isolated neutron stars 81 during the last thirty years, it remains of current interest, especially at γ-ray energies where 82 its narrow-peaked light curve allows precise timing studies. Thus, it comes as no surprise 83 that Geminga has been a prime target for the γ-ray instruments currently in operation: 
98
The LAT has a large effective area (peaking at ∼8000 cm 2 on axis) and thanks to its field of 99 view (∼ 2.4 sr) covers the entire sky every 2 orbits (∼ 3 h). The LAT point spread function
100
(PSF) strongly depends on both the energy and the conversion point in the tracker, but less 101 on the incidence angle. For 1 GeV normal incidence conversions in the upper section of the 102 tracker the PSF 68% containment radius is 0.6
• .
103
The data used in this Paper span roughly the first year of operations after the launch of 3. Timing Geminga using γ rays
115
Since the end of the EGRET mission, the Geminga timing ephemeris has been main- 
126
We determined an initial, approximate, ephemeris using an epoch-folding search. We then 127 measured pulse times-of-arrival (TOAs) by first converting the photon event times to a ref-
128
erence point at the geocenter using the Fermi science tool 1 gtbary, then computing a pulse 129 profile using phases generated using However, in order to assign a smaller phase to the leading peak, we introduced an additional 139 phase shift of 0.5 to the timing solution in Table 1 . Thus, in the light curve shown in Figure 2 , the epoch of phase 0.0 is the barycentric arrival time MJD(TDB) corresponding to phase 141 0.5. 
150
We used the Fermi tool gtpphase to correct photon arrival times to the Solar System 151 barycenter using the JPL DE405 Solar System ephemeris (Standish 1998) and to assign a 152 rotational phase to each photon using the timing solution described in Section 3. 3-10 GeV, > 10 GeV). There is a clear evolution of the light curve shape with energy:
178 P1 becomes weaker with increasing energy, while P2 is still detectable at high energies.
179
Significant pulsations from P2 are detectable at energies beyond ǫ max ∼ 18 GeV, chosen as the maximum energy beyond which a χ 2 periodicity test still attains 6σ significance. We 0.1 and 100 GeV.
205
We included in the fit a model accounting for the diffuse emission as well as for the nearby 206 γ-ray sources. We modeled the diffuse foreground, including Galactic interstellar emission, 207 extragalactic γ-ray emission and residual CR background, using the models 2 gll iem v02 for 208 the Galactic part and isotropic iem v02 for the isotropic one.
209
In the fit procedure we fixed the spectral parameters of all the sources between 15
• and 20
from Geminga, and left free the normalization factor of all the sources within 15
• . All the 
215
We integrated the phase-averaged spectrum to obtain the energy flux. The unbinned gtlike 216 fit is described by a power law with exponential cut-off in the form:
where ≤ 5% near 1 GeV, 10% below 0.1 GeV and 20% above 10 GeV. We therefore propagate these 222 uncertainties using modified effective areas bracketing the nominal ones (P6 v3 diffuse).
223
For this fit over the range 0.1 -100 GeV we obtained an integral photon flux of (4.14 ± 0.02 224 ± 0.32) × 10 −6 cm −2 s −1 and a corresponding energy flux of (4.11 ± 0.02 ± 0.27) × 10
We studied alternative spectral shapes beginning with the cut-off function (below) shows the evolution of the spectral parameters across Geminga's rotational phase.
255
In particular, the energy cutoff trend provides a good estimate of the high energy emission
256
variation as a function of the pulsar phase. 
260
To obtain Fermi -LAT spectral points we divided our sample into logarithmically-spaced are not normalized to the phase bin width, whereas in Table 3 of the Appendix the fluxes 271 are normalized. Figure 7 shows the phase evolution of the spectral index and cut-off energy,
272
respectively. The spectral index reaches a local minimum around P1 (φ ∼ 0.14 -0.15) and, shows no evolution and drops to an intensity level comparable to the off pulse emission,
287
while for the Vela pulsar it varies substantially but is always seen at high energies. The 
292
The analysis of the "second interpeak" region around φ = 0.9 -1.0 shows significant emission Analyzing the phase evolution of the spectral parameters in Figure 7 it seems that no abrupt 301 changes occur in this phase interval and that this emission may be related to the wings of 302 the peaks. This fact, together with the newly detected off-peak emission, favors a pulsar 303 origin of such "second interpeak" emission, rather than an origin in a surrounding region.
304
The detection of off-peak emission, rendered possible by the outstanding F ermi statistics,
305
is a novelty of Geminga's high energy behaviour. of sight is necessarily close to the magnetic axis for such models where one expects to see 315 radio emission.
316
The current evidence against low-altitude emission in γ-ray pulsars (Abdo et al. 2009l ) can also be supplemented by constraints on a separate physical origin. In PC models, γ rays 318 created near the neutron star surface interact with the high magnetic fields of the pulsar,
319
producing sharp cut-offs in the few to ∼ 10 GeV energy regime. Moreover, the maximum 320 observed energy of the pulsed photons observed must lie below the γ-B pair production 321 mechanism threshold, providing a lower bound to the altitude of the γ-ray emission. to the advocacy for a slot gap or outer gap acceleration locale for the emission in this pulsar. 
where F γ (α; ζ, φ) is the radiated flux as a function of the viewing angle ζ and the pulsar 346 phase φ. In this equation, the numerator is the total emission over the full sky, and the 347 denominator is the expected phase-averaged flux for the light curve seen from Earth.
348
The total luminosity radiated by the pulsar is then given by 
352
Ideally, geometrical values in Table 2 should be compared with independent estimates, com- 
355
Owing to the lack of radio emission, the only geometrical constraints available for Geminga
356
come from the X-ray observations which have unveiled a faint bow shock structure, due to 
361
The shape of the bow shock feature constrains its inclination to be less than 30
• with respect 
374
We note that TPC models, characterized by higher efficiency, would yield higher luminosity 375 which would account for the entire rotational energy loss for a distance of ∼300 pc, well 376 within the distance uncertainty. On the other hand, a 100% efficiency would translate into a 377 distance of 730 pc for the OG model, providing a firm limit on the maximum source distance.
Phase resolved spectroscopy
379
The power law with exponential cut-off describes only approximately the phase-averaged 380 spectrum of Geminga, since several spectral components contribute at different rotational 381 phases. The phase-resolved analysis that we have performed is thus a powerful tool for 382 probing the emission of the Geminga pulsar.
383 Figure 7 shows a sudden change in the spectral index around each peak maximum. The 384 spectrum appears to be very hard in the "first interpeak" region between P1 and P2, with 385 an index close to Γ ∼ 1.1 and softens quickly after the peak maximum and in the "second 
391
The persistence of an energy cut-off in the "second interpeak" region suggests pulsar emission to be obtained solely from γ-ray data.
402
The study of the light curve showed the evolution of the pulse profile with energy, unveiling phase-resolved analysis has also allowed the detection of the "second interpeak" emission 408 indicating a pulsar emission extending over all phases. This feature, never seen before in
409
Geminga, was recently also seen by F ermi LAT in PSR J1836+5925 (Abdo et al. 2010d ).
410
Our results favor the outer magnetospheric origin for the γ-ray emission. The distance although is present for the large ζ E solutions invoked here for Geminga.
422
The Fermi LAT Collaboration acknowledges generous ongoing support from a number • from Geminga, binned in pixels of 0.045 • (top row ) and 0.09
• (bottom row ),smoothed with a gaussian filter with a radius of 2 pixels. In the upper left panel we reported the Right Ascension in horizontal axis and the Declination in the vertical axis. Bottom row shows that the offpeak point source image is visible at low energies but vanishes at E > 2 GeV due to the spectral cut-off. Table 3 . The fluxes are not normalized to the phase bin width, whereas in Table 3 
